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ABSTRACT

McCullough, Sara A. M.S., Purdue University, December 2015. Effects of
Supplemental Energy on Beef Female Performance. Major Professor: Ronald P.
Lemenager.
The effect of supplemental energy on beef female performance and
reproductive parameters was investigated through two separate studies. In the first
study, Angus-Simmental yearling replacement heifers were allocated and placed on
one of three treatments; 1) a control diet with no added dietary fat, 2) a low fat diet,
and 3) a high fat diet. The heifers on the added fat treatments were fed a
supplemental ground flaxseed 28d prior to initiation of the breeding season.
Concentrations of plasma progesterone were used to determine cyclicity status, and
the number of heifers exhibiting estrous was not different among treatments. All
heifers were bred following estrus detection and remained on the dietary
treatments for 30d after initiation of the breeding season. There were no differences
in initial or final body weights or BCS among treatments, and all heifers performed
adequately on the dietary treatments, and attained an estimated 66% of their
mature equivalent weight prior to breeding. There were no differences in either
artificial insemination or overall breeding season pregnancy rates.
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In the second study; mature, early lactation, fall-calving beef cows were
utilized to evaluate the metabolic and reproductive effects of feeding distiller’s
grains with solubles (DDGS) prior to breeding. Cows were assigned to one of three
diets; 1) control with no added DDGS, 2) DDGS 30d prior to breeding, or 3) DDGS
60d prior to breeding. No differences were seen in BW or BCS at the start or end of
the feeding trial. Likewise, no differences were seen in the change of BW or BCS
throughout the experiment. The number of cows cyclic at the beginning of the
breeding season did not differ. Artificial insemination and final end-of-season
pregnancy rates did not differ among treatments. Collectively, these experiments
illustrate that a flax-based supplement and DDGS can be utilized in the beef female
with no detrimental effects on animal or reproductive performance.
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CHAPTER 1. INTRODUCTION

Profitability of the cow-calf operation is dependent upon costs associated
with heifer development, maintenance of the cow herd, and operation costs not
limited to feed and labor. Any way to decrease feed costs without compromising
animal performance is important to the viability of the operation. Energy
supplementation remains a large expense for the farmer, so feed alternatives that
will optimize performance and have a positive increase in reproduction are worth
investigating.
With an increase in the demand for ethanol in the United States, many beef
producers began utilizing co-products of ethanol production, most notably distiller’s
grains (DDGS), for their cow herd due to its energy and protein dense profile. The
utilization of a high-energy product allowed many producers to then utilize low
quality forages, therefore reducing input costs to the operation. Previous research
has investigated the effects of DDGS fed to feedlot cattle and beef females, but
further research questions into the exact mechanisms by which DDGS impact beef
female performance remain unanswered and warrant further investigation.
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CHAPTER 2. LITERATURE REVIEW

2.1 Introduction
This literature review addresses many aspects of nutrition, development, and
reproduction in the beef female. First, dietary feed intake and forage quality is
discussed, followed by an overview of energy, and then discussions on energy in the
developing heifer and cow. Following energy is a discussion on protein,
carbohydrates, and fat in the ruminant animal. Lipid metabolism in the ruminant
ensues, followed by various effects of fat supplementation not limited to; animal
performance and reproductive hormones in the developing heifer, as well as the
pre- and post-partum beef female. The review then concludes with an overview of
distiller’s grains and its effects on reproduction followed by a rationale for research
studies contained in this thesis.

2.2 Dietary Feed Intake and Forage Quality
Many beef producers rely on the utilization of low-quality forage as a main
ingredient in beef cow diets. Previous publications by the National Research Council
(1987) have based estimates of dry matter intake (DMI) of low-energy, high fiber
diets on factors such as ruminal fill and digesta passage rate. In contrast, diets high
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in energy and low in fiber are typically controlled by the animal’s energy demands
and metabolic factors (NRC, 1987). Research conducted in the early 1990s with
sheep hypothesized that even when given ad libitum feed access, the animal will
only consume a given amount of feed to meet the optimum metabolic acid load
(Ketelaars and Tolkamp, 1992). Although there is no requirement for feed intake in
cattle, there are many factors that might affect an animal’s feed intake.
Body composition is a factor that may have an effect on an animal’s feed
intake, with heavier body weight, larger frame size cattle tending to consume more
feed than smaller framed cattle of smaller body weight. In addition, thin cattle have
the potential to have greater DMI than their well-conditioned counterparts
(Hersom, 2007). Research by Fox et al. (1988) suggests DMI decreases for any
increase of body fat over the range of 21.3-31.5%. Data published in the Beef NRC
(2000) states the difference in intake due to gender is negligible, but animal age
when placed on feed can affect intake. Cattle started on feed as calves typically
consume less than their counterparts who were started on feed as yearlings. Feed
intake is also temperature dependent with intake typically increasing as the
ambient temperature decreases below the animal’s thermoneutral zone (Kennedy et
al., 1986). Other environmental conditions like wind, precipitation, mud, and
photoperiod can also affect intake (NRC, 2000). Although these factors are
important, it is crucial to consider the animal’s physiological state when addressing
feed intake. The Agricultural Research Council (1980) suggested lactating animals
will experience average feed intake increases of 35-50% compared with intake of
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non-lactating animals. Cows with greater milk production will also experience
greater DM intake. As pregnancy advances toward parturition, cows tend to
experience a decrease in intakes of two percent per week during the last month of
gestation (NRC, 1987).
Intake in beef cattle is highly dependent on the quality of forage provided in
the diet, resulting in increased intakes as forage quality, specifically TDN, increases.
As forage matures, the cell wall becomes more fibrous and the ratio of stem to leaf
increases in the forage that results in decreased rate of passage from the rumen.
With the increase in maturity comes an increase in the amount of lignin content in
the plant, which is largely indigestible by the ruminal microbe. Rasby (2013)
published thumb rules for producers to help estimate intakes on a dry matter basis;
when forage quality is less than 52% TDN, non-lactating cows will consume about
1.8% of their body weight and lactating cows will consume about 2.0% of their body
weight. Forages with TDN contents between 52% and 59% will see an increase in
intakes with non-lactating cows to consume about 2-2.1% of their body weight, and
lactating cows averaging around 2.3% of their body weight on a dry matter basis.
Data published by Mertens (1994) stated there is limited dietary intake when
rumen capacity is reached, which can result in decreased performance of the animal
when fed a high fiber diet.
Plant tissue, on average, contains about 75% carbohydrate, which can be
broken down to simple sugars and used by the microbes in the rumen to provide
energy for the animal (Moran, 2005). Carbohydrates can be classified into two
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subsections: structural or nonstructural (NSC). The NSC portion of the diet is highly
digestible and used as an energy source for the animal. Structural carbohydrates
include crude fiber, neutral detergent fiber (NDF), and acid detergent fiber (ADF).
As forage maturity increases, NDF and ADF in the plant increases. The NDF portion
of the plant includes all parts of the cell wall including; cellulose, hemicellulose, and
lignin and is often used to predict animal intake of forage-based diets. Of these
components, ruminants can break down hemicellulose and some fractions of
cellulose. The Dairy NRC (2001) states that cows may be able to tolerate diets with
25% NDF, but these levels are only recommended when fed as a total mixed ration
(TMR) with adequate particle size and a dry corn starch source. A publication by
Boyles (1999) suggests feeding a maximum level of 1.2-1.5% of the body weight in
NDF. Forages higher in quality can push the 1.5% NDF threshold, whereas lower
quality forages should be fed at the lower end of the range (1.2% BW). Effective
fiber (eNDF) is a portion of the NDF fraction of the feed that stimulates rumination,
rumen motility, chewing, and salivation. Adequate dietary eNDF levels are
important to keep rumen pH levels from dropping below 5.7, which can cause
permanent damage to the rumen wall (Parish, 2008). High concentrate diets should
contain at least 8% eNDF in order to create adequate saliva secretion to serve as a
buffer in the rumen and maintain favorable conditions for the microbial population
(Parish, 2008). Without proper buffering in the rumen, the animal’s rumen pH levels
can drop below 5.6 causing an increase in the levels of lactic acid producing
bacteria, which can lead to clinical acidosis. Cottonseed hulls and grass hays are
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often high in NDF as a percent of dry matter, whereas soybean meal and corn are
examples of feeds low in NDF (Parish, 2008). The ADF fraction of the plant is often
used to estimate forage digestibility and includes the insoluble parts of the plant;
cellulose and lignin, with lignin being highly indigestible (Parish, 2008b).

2.3 Energy Overview
Ruminants utilize dietary fat, protein, and carbohydrates as energy sources.
The utilization of energy in the cow can vary based on age, breed, gender,
environmental conditions, and stage of production. Gross energy can be defined as
the energy released as heat when an organic substance is completely oxidized to
carbon dioxide and water (NRC, 2000). Although this definition accounts for
complete oxidation of a substance; in the animal system, digestible energy is a better
indicator of available feed energy. Digestible energy (DE) is defined in the Beef NRC
(2000) as the energy of the feed minus the energy lost in the feces. Although this is a
good indication of utilizable energy to the animal, it tends to overestimate the
energy value of certain feedstuffs that are high in fiber, and underestimate
feedstuffs that are highly digestible. Energy losses resulting from metabolism and
digestion are not accounted for when DE is used. Total digestible nutrients (TDN)
corrects for digestible protein, but has no real advantages over using DE (NRC,
2000).
Metabolizable energy (ME) is thought to be a better indicator of dietary
energy intake when compared to DE and TDN, since it accounts for losses not only
through the feces, but also energy losses associated with urine and methane
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excretion. Net energy (NE) accounts for all the losses of ME with the addition of the
energy lost as heat. Since NE accounts for all the major losses in ruminant animals,
it has become the preferred energy system for beef cattle ration formulation. Net
energy for maintenance (NEm) can be defined as the ability of food consumed to
meet the NE required for maintenance with no net loss or gain of energy from other
tissues of the animal’s body (NRC, 2000). It is important to note that many factors
such as body weight, gender, breed, and season can have an effect on the energy
requirement for maintenance in the cow (NRC, 2001). Ferrell and Jenkins (1984)
reported higher feed intake and maintenance requirements for cattle with increased
milk production potential. Conversely, research by Tyrrell et al. (1991), compared
two breeds of lactating and non-lactating dairy cows and noted that regardless of
breed type there was no evidence to suggest that there are different energy
requirements for maintenance or production between different breeds. Previous
research as stated in the Beef NRC (2001) indicates differences in maintenance may
also be seen due to temperature, physiological state, and activity of the animal. Short
and Adams (1988) published rankings for importance of physiological state in
energy partitioning as follows: 1) basal metabolism, 2) activity, 3) growth, 4) energy
reserves, 5) pregnancy, 6) lactation, 7) additional energy reserves, 8) estrus cycle
and initiation of pregnancy, and 9) excess energy reserves.
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2.3.1 Energy and the Developing Heifer
After the animal has met all the energy requirements for maintenance,
energy can be partitioned and used for gain. Net energy for gain NEg is defined as the
energy content of the tissue deposited, which is a function of the proportion of fat
and protein in the empty body tissue gain (NRC, 2001). As the cow matures
physically, the energy requirements for growth also increase as seen in the Beef
NRC (1996). This is especially important in the developing heifer who needs to
meet requirements for both maintenance and growth simultaneously. A number of
studies have reported an inverse relationship between postweaning growth rate
and age at puberty, which can impact future pregnancy rates (Funston et al., 2004).
The goal of the beef producer when developing replacement heifers is to
achieve growth rates that result in parturition at two years of age, which is not only
economical for the producer, but will lead to increased lifetime productivity for the
animal in the herd. If a heifer is underdeveloped, she may not be able to support
adequate milk production and timely rebreeding performance during her first
lactation. Conversely, Serjsen (1987) noted excessive energy intake had a negative
effect on mammary parenchyma. Research in dairy heifers by Van Amburgh et al.
(1991), stated puberty is associated with weight and not necessarily parenchyma
tissue growth, so although target weight might be met by the animal, mammary
development might be underdeveloped due to excess energy intake prior to
puberty. Previous research from 1970 to the late 1980s suggested beef breed
development goals to be about 60 percent of mature weight, whereas dual purpose
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breeds might be a little lower at about 55 percent of mature weight for attainment
of puberty (Ferrell, 1982).
Techniques used to develop beef replacement heifers vary across the
country, but research by Lynch et al. (1997) suggested that feed cost could be
reduced by delaying heifer gain until 47 or 56 d prebreeding without negatively
affecting reproductive performance. Heifers in that study were developed to gain
0.91kg/d during this period prior to breeding compared to heifers that were
developed at 0.45kg/d for the entire study. Animal performance, BCS, and frame
size were similar among treatments, suggesting that a restricted diet early in the
post-weaning developmental period could reduce maintenance energy
requirements and feed cost for the producer.
Research by Freetly et al. (2001) also found there was no impact on
reproductive parameters when gain was delayed until the later part of the
postweaning period, leading to a reduction in total energy intake. Yelich et al.
(1995) fed heifers on one of three diets; a continuous growth diet for 16 wk
(0.23kg/d) then full-feed diet (1.36kg/d), a restricted/ limit fed diet (0.68kg/d), or
an accelerated growth or full-feed diet (1.36kg/d). In contrast to previous studies,
heifers fed the continuous diet followed by full-feed diet were heavier, fatter, and
reached puberty earlier then those pushed later in the growth phase prior to
breeding (Yelich, 1995).
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2.3.2 Energy and the Cow
Replacement heifers are not the only cattle in the herd that require demands
for energy, and maintaining the cow herd is just as important as developing
replacements. Following parturition, producers have on average 83 days to rebreed
their cow herd in order to maintain a 12-month calving interval. Body condition of
the cow at calving has a direct impact on her ability to begin cycling and become
pregnant postpartum. Both thin and fat cows are at extreme risk for metabolic
problems, diseases, decreased milk yield, low conception rates, and difficult calving
(Ferguson and Otto, 1989). Few producers actually weigh their cattle during the
postpartum period, but it is crucial for the producer to observe changes in body
condition of the animal. Research by Houghton et al. (1990) states the body
condition score is closely related to fat and energy content making this a good
indicator of cow energy status prior to breeding. On a 9-point body condition scale,
cow conception rates reach near maximum at a condition score of 5 (Wright et al.,
1992). Further research supports this work, where cows with a BCS of 5 or greater
at calving experienced pregnancy rates approaching 90%, whereas those with a BCS
of 4 or lower had pregnancy rates near 61% (Selk et al., 1986). This same study also
noted that by 80 days postpartum, 88-99% of cows with a BCS of 5-6 at calving
experienced estrus cyclicity compared to 62 percent of cows with a BCS of 4 or
lower at calving. The literature strongly suggests that cows should calve near a BCS
of 5 and then maintain condition between calving and breeding to optimize
reproductive efficiency (Houghton et al., 1990).
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2.4 Protein Overview
In order to be economically efficient, utilize available forage resources, reach
puberty attainment, and get cows bred, producers may need to supplement protein.
Early nutritionists based protein requirements on crude protein (CP), but more
recently a switch has been made toward metabolizable protein (MP) because it
better describes both microbial crude protein (MCP) and rumen undegradable
protein (UIP). Crude protein can be measured by nitrogen analysis of the feedstuff,
and then multiplying that value by 6.25, since proteins average about 16% nitrogen.
Non-protein nitrogen (NPN) and true protein are the two components of crude
protein, and it is important to note that not all compounds that contain nitrogen are
true proteins. True protein contains amino acids (AA) and peptides, whereas NPN
includes ammonia, nitrates, nitrites, amines, amides, free amino acids, nucleic acids,
and urea.
Protein in the rumen is broken down into nitrogen and used for further
microbial protein synthesis or travels to the liver as ammonia. In the liver, ammonia
is converted and detoxified to form urea via the urea cycle and is either recycled
back to the digestive tract via saliva, or excreted in the urine. In order to synthesize
microbial crude protein (MCP), the degradable intake protein (DIP) fraction is
broken down by rumen microbes to form ammonia. With the addition of an energy
substrate (alpha-keto acids), this portion is formed into MCP that then leaves the
rumen and supplies the small intestine with AA. In the rumen, microbes continually
pass to the omasum and abomasum, where they are used as a protein source by the
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animal. Sources high in UIP commonly used in beef diets include: dried distiller’s
grains (DDGS), corn gluten meal, corn gluten feed, blood meal, and feather meal.
Common DIP feeds include: soybean meal (SBM), cottonseed meal, and wheat
middlings (NRC, 1984). The portion of UIP from the diet escapes microbial digestion
in the rumen and goes straight to the abomasum. In the abomasum, a highly acidic
environment breaks down both the rumen microbes and protein found in the diet.
Digesta then moves to the small intestine where alkaline substances are secreted
that continue the digestion process, and where a large portion of the nutrient
absorption occurs. The large intestine is typically responsible for secondary
breakdown of fiber in the diet, and any undigested parts of feed are then expelled as
feces.
It is important to note that many factors affect the efficiency of MCP synthesis
(Russell et al., 1992), but the most important are type of carbohydrate in the diet,
rate of passage, and pH in the rumen. Optimal use of rumen degraded protein
(including NPN) would logically occur if protein and carbohydrate degradation in
the rumen were occurring simultaneously (NRC, 2000). Diets high in forage,
especially low-quality forages, tend to have slower rates of digestion and passage in
comparison to diets low in forage inclusion, which results in decreased MCP
synthesis, and a reduction in digestible energy (Russell and Wallace, 1988). Data by
Köster et al. (1996), further supports this idea that added DIP to a low forage diet
can lead to increases in intake and digestible energy.
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In contrast, diets high in starch benefit from the addition of dietary urea due
to their rapid rate of starch degradation in the rumen. Heldt et al. (1999) further
supported this by stating that increased rates of non-structural carbohydrate
fermentation in the rumen will provide adequate carbon skeletons for microbes to
complete protein synthesis from NPN, thus making the protein more biologically
available. Research by Dewhurst et al. (2000) reported that the ruminant animal has
a unique ability to survive on a diet consisting entirely of protein provided by MCP
synthesized from dietary NPN, but growth cannot be sustained with just NPN.
Subsequent data by Storm and Orskov (1983) suggests MCP represents 50-80% of
the AA absorbed in the small intestine. Although protein plays an important role in
the diet, DM intake of the diet is also important for the beef cow herd.

2.5 Carbohydrate Overview
The NSC portion of the diet is highly digestible and mainly compromised of
sugars, starches, and organic acids, which are used as an energy source for the
animal. In the 2001 Dairy NRC, the suggested level of NSC in the diet should not
exceed 30-40% on a dry matter basis. When NSC are ingested by the animal,
components of the feed are broken down to glucose, which is then broken down into
three main volatile fatty acids (VFA); acetate, butyrate, and propionate. The rate of
the particular VFA varies based on the feedstuff provided in the diet, but on average
VFA make up about 70% of the energy source for the ruminant (Moran, 2005). Once
absorbed into the bloodstream, fractions of VFA travel to the liver via the hepatic
portal vein, where over 90% of propionate is then converted back to glucose via
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gluconeogenesis. A majority of the VFA produced (88%) by the animal is absorbed
through the rumen wall and travels to the liver for further energy production. The
remaining VFA passes to the omasum.
The rumen epithelium uses the vast majority of the butyrate produced by
fermentation as an energy source by converting butyrate into beta-hydroxybutyrate
(BHB) and carbon dioxide. In the liver, BHB is converted into ketone bodies that are
crucial for sufficient fatty acid synthesis. Insufficient levels of BHB produced by the
animal can result in a loss of body condition. Propionate, an end-product of starch
and sugar digestion is typically produced from feeds such as cereal grains that are
rapidly fermentable (Moran, 2005). In the cow, propionate is used as an energy
source for live weight gain and milk production, both of which can be directly
impacted if not produced in proper amounts; leading to body fat mobilization, an
overall reduction in milk yield, and condition loss in the animal (Moran, 2005).
Acetate is typically an end-product of fiber fermentation, and a diet high in forage
results in increased levels of this VFA use by the animal. Milk fat depression is
typically seen in animals that are inadequately producing acetate. Many factors can
impact VFA absorption in the rumen, but most noteworthy is pH. As pH decreases,
the rate of VFA absorption increases with butyrate and propionate increasing more
than acetate. Absorption decreases with increased volume, and as VFA
concentration increases, the rates of VFA absorption are increased.
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2.6 Fat Overview
Added dietary fat and its effects on reproduction and animal performance
have not been consistent in the literature. Fat is typically used in diet formulations
as an energy source due to its high energy density. Typical beef diets are low in fat
due to high forage content, and low amounts of fat in those forages. Most fats are
broken down in the rumen, but fats that are absorbed past the rumen are
considered bypass, protected, or ruminally inert fats. These fats escaping microbial
rumen degradation are metabolized in the small intestine. Added fat in the diet
should be limited to 3-4% on a DM basis and no more than 5-6% on a DM basis
should be fed (Moran, 2005). Dairy cattle have a higher energy demand for lactation
than the beef cow and may benefit from added fat in the diet for milk production,
but some positive effects in reproduction for the beef cow have been noted in the
literature.
Fats provide on average 9.0 kcal/g of energy to the ruminant compared to
carbohydrate (4.0 kcal/g) and protein (3.2 kcal/g), making it more energy dense
without increasing the energy lost as heat increment. Added dietary fat can decrease
dustiness as well, which may provide some health benefits to the animal. Whole oil
seeds (cottonseed, sunflower, canola, flax, and soybeans) are good sources of fat in
ruminant diets since they are easy to feed and are partially protected by the seed
matrix which allows a higher portion of the fat to escape rumen degradation. When
these whole oil seeds are processed, however, they may become less protected in
the rumen due to mechanical breakdown during processing, making them more
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digestible by rumen microbes. Some high oil ruminant feeds include: fish meal, high
oil corn, brewer’s grains, and distiller’s grains. The nutritive portion of fat includes
the energy rich long-chain fatty acids (LCFA), triglycerides, phospholipids,
nonesterified fatty acids (NEFA), and salts, whereas the less nutritive portion
contains waxes, pigments, and sterols (NRC, 2001).
Fatty acid classification is based on chain length, specific linkages,
hydrogenation, conjugation, and optical isomers. Chain lengths of VFA are classified
short-chain fatty acids (SCFA; C1-C8), medium-chain (MCFA; C10-C-14), and longchain fatty acids (LCFA; ≥ C16). Esterified fatty acids are attached to the glycerol
backbone of the fat, whereas free fatty acids (FFA) and NEFA are not. Saturated fatty
acids are totally linked carbon atoms and saturated with hydrogen, whereas monounsaturated fats contain one double bonded carbon and poly-unsaturated fatty
acids (PUFA) contain at least two double carbon bonds. The first double bond is
always found between C9 and C10. Saturation levels have an effect on the state of
the fat, and fats that are highly saturated have a higher melting point, therefore
making them more solid at lower temperature. In the literature, the term fat
typically refers to a triglyceride in a solid or semi-solid state, such as trimmed beef
fat, whereas oil is a triglyceride in the liquid form such as vegetable oil. Ruminant
diets are typically high in the cis form of the fatty acid, but rumen bacteria can alter
them to the trans form during digestion. Cis fatty acids are naturally found in plants,
and their conformation makes them more fluid than trans-configured bonds.
Common sources of fats and oils and their characteristics can be found in Table 2.1.
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Triglycerides contain a molecule of glycerol with three fatty acid molecules.
Typically, triglycerides are broken down in the rumen into glycerol and free fatty
acids (FA) unless they are highly saturated. Glycolipids are typically digested in the
rumen by microbes and broken down into glycerol, two FA, and two or more sugar
molecules. Phospholipids are commonly found in the cell membrane of plants, and
consist of a glycerol molecule with two FA and a phosphate group linked to an
organic base. Phospholipids are synthesized by rumen microbes and protozoa since
they are necessary for cell membrane functions. Therefore, the concentration of
phospholipids leaving the rumen is typically higher then what enters the rumen.
Free fatty acids contain a hydrocarbon chain, but the glycerol molecule is absent.
Free fatty acids are not often found in feedstuffs naturally, but ruminants will
absorb FFA in the small intestine when created within the rumen.

2.6.1 Ruminant lipid metabolism
After consumption of feed, lipid molecules are hydrolyzed extensively by
microbial lipases resulting in the formation and release of FFA. Bacteria in the
rumen are responsible for breakdown of lipids, most notably A. Lipolytica.
Galactolipids are broken down into galactose and diacylglycerol and then
metabolized into VFA and used within the rumen. Saturated fatty acids bind with
positively charged molecules to form carboxylate salts that pass to the small
intestine for absorption. Unsaturated fatty acids undergo biohydrogenation and
then form carboxylate salts before passing into the small intestine. The PUFA that
are not broken down in the rumen are vital for normal structure and function of cell
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membranes, since the cow cannot synthesize PUFA. The PUFA found in the diet can
be broken down to phospholipids and cholesterol. Many cells membranes
throughout the body use PUFA, especially immune cells and the reproductive tract;
therefore, protecting the PUFA in the rumen is crucial. It is estimated that ruminal
hydrogenation of PUFA ranges from 60-90% (NRC, 2001), and is higher in plant oils
than animal oils.
Biohydrogenation occurs when unsaturated FA are isomerized, and the cis
double bond becomes more saturated becoming a trans isomer by the addition of
hydrogen molecules. When the trans bond is formed by the isomerase, the cis bond
is hydrogenated by a microbial reductase which is dependent upon conditions in the
rumen. In order for complete hydrogenation, a healthy rumen environment and
fluid must be present, as well as small amounts of linoleic acid. Low pH in the
rumen, as well as high levels of linoleic and linolenic acid can also decrease the rate
of biohydrogenation. Biohydrogenation of unsaturated FA may be as low as 30-40%
if FA are fed as salts, and typical isomers formed as end-products of
biohydrogenation are C18:0 (stearic acid) and C18:1 (oleic acid; NRC, 2001).
Ruminants on high roughage diets typically utilize linoleic acid, biohydrogenate it to
form conjugated linoleic acid (CLA), then to vaccenic acid, and finally to stearic acid.
In high concentrate diets, where a lower pH rumen environment occurs, the ruminal
bacteria typically biohydrogenate linoleic acid to the end-product of a CLA isomer
instead of continuing down the pathway to stearic acid, which can cause milk fat
depression (Baumgard et al., 2000). The CLA isomer has been extensively
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researched by many groups due to its potential health benefits in humans. Although
there are small amounts (<1%) of CLA in milk and beef, research has demonstrated
positive effects as an anticarcinogen, antioantherogen, as well as an antiboesity
affect resulting from its ability to reduce fat accumulation in the body (McGuire et
al., 2000). Research by Li and Watkins (1998) even suggest that high levels of CLA in
the diet may have the potential to increase bone formation and resorption.
The end-products of rumen hydrolysis and biohydrogenation are
predominantly free fatty acids (85-90%) and microbial phospholipids (10-15%)
that are typically found as potassium, sodium, or calcium salts due to neutral
conditions in the rumen (NRC, 2001). Once contents pass through the abomasum
with a low environmental pH, the salts dissociate and adhere to particles of feed,
with a majority of the FA in the saturated state (stearic and palmitic acid). In
ruminants, pancreatic lipases are not able to break down the fatty acids due to its
inactivity at low pH. Instead, micelles must be formed in order to allow certain parts
of the bile salts and free fatty acids to interact with the aqueous absorption system.
The pancreas of the cow will secrete bile containing the enzyme phospholipase,
which acts on lecithin (phosphatidylcholine) to form lysolecithin, an emulsifier for
saturated free FA. The formation of the micelles allows fatty acids <C14 to be
absorbed into intestinal cells with most being absorbed in the jejunum. Fatty acids
>C14 are converted back into triglycerides and formed into chylomicrons, or very
low density lipoproteins (VLDL), along with phospholipids, cholesterol and
apoproteins. Apoproteins are target specific proteins that will pair with receptors in
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various tissues. Due to their large size, lipoproteins cannot be absorbed directly by
intestinal cells, so they must be secreted into the lymph system and then into the
bloodstream. After oxygenation of the blood, lipoproteins travel to specific target
tissues such as muscle, adipose, and mammary tissue where the enzyme lipoprotein
lipase is present that breakdown the VLDL (chylomicrons). Free fatty acids are
broken down by the lipoprotein lipase which are then small enough to enter cells
and be transformed back into triglycerides, which can then be used as an energy
source for cell functions.

2.6.2 Fat supplementation on animal performance
Forages contain low amounts of fat, but many byproducts such as distiller’s
grains, bakery waste, and fish meal may be used as a source of fat in the diet in
addition to other commodity feeds such as choice white grease, tallow and
commercially inert fat supplements. Fats commercially made are typically dry which
make them easier to handle, store and feed. Bypass fats are free FA bound to Ca++
and Mg ++ to form carboxylate salts (soap), which are more saturated, have a higher
melting point, and lower solubility that results in escape from biohydrogenation in
the rumen. Increasing the degree of saturation will increase the digestibility of FA,
but will adversely affect rumen fermentation (Jenkins, 1993). This altered rumen
fermentation results in decreased DM intake and decreased milk fat percentage in
the cow (NRC, 2001). The 2001 Dairy NRC suggested a DMI decrease of 2.5% for
each percentage unit of calcium soaps added to the diet.

21
In vitro work done by Whitney et al. (2000) saw an increase in diet
digestibility during the first 24 hours after fat was fed, but by 48 hours the response
was reversed. Research by Hess et al. (2001) saw an increase in microbial efficiency
in heifers fed soybean oil, but reduced ruminal and total tract NDF digestibility. In
addition, total tract digestibility of organic matter (OM) was decreased when heifers
were fed soybean oil. This research was further supported by Gould et al. (2000)
who saw decreased postruminal and total tract OM and NDF digestibility in wether
lambs fed soybean oil.
In contrast, Carter et al. (2002) found an increase in duodenal flow of total
fatty acids when beef heifers were fed cracked corn with soybean oil. Research by
Hess et al. (1999) did not see any effect of soybean oil on ruminal digestion of
nutrients in ewes. Brokaw et al. (2001) did not see a difference in forage OM intake
in beef heifers fed conventional or high oil corn, but did report an overall increase in
digestible OM intake. The quantity of OM and NDF disappearance did not differ
between high oil and conventional corn supplementation, but digestibility
coefficients (OM and NDF) were less for high oil corn (Brokaw et al., 2001). When
wether lambs were fed varying amounts of safflower oil; OM, NDF, and intestinal
disappearance were not affected, but an increase in duodenal flow of most fatty
acids was observed (Atkinson et al., 2006).
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2.7 Fat Supplementation and Reproductive Performance
Supplemental fats affects on pregnancy rates and general fertility in the beef
female are largely inconclusive. This may be due to the lack of interest in using fat as
an energy source in maintenance-type diets, or by the lack of knowledge of the
reproductive mechanisms in the body that are affected by fat metabolism.

2.7.1 Fat supplementation and reproductive hormones
Research on metabolic and reproductive hormone secretion when
supplemental fat is added to the diet has been mixed. Diets high in safflower or
sunflower oil saw no difference in glucose, NEFA, growth hormone (GH), or insulinlike growth factor 1 (IGF-1) in serum concentrations (Bottger et al., 2002; Bellows et
al., 2000). In contrast, both dairy and beef cows exhibited increases in serum insulin
and GH when fed polyunsaturated plant oils (Williams and Stanko, 1999).
Progesterone is needed by the female to maintain pregnancy, as well as to
prepare the uterus for implantation. Increased concentrations of plasma
progesterone have been associated with improved conception rates in ruminants
(Staples et al., 1998). Inclusion of added fat may increase the levels of circulating
cholesterol, leading to an increase in progesterone synthesis (Staples et al., 1998).
An increase in LH secretion may be seen in energy deficient animals supplemented
with fat as an energy source, but an LH signaling mechanism independent of energy
from fat has not been reported (Mattos et al., 2000). It has been hypothesized that a
possible glucose-sparing effect occurs in the mammary gland, which results in an
increased level of glucose that signals an increase of LH by the hypothalamic
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pituitary control system (Staples et al., 1998). Funston et al. (1995) also suggested
an increase in dietary glucose may cause an increase in LH release. Mattos et al.
(2000) also reported supplemental fat stimulated preovulatory follicle growth,
increased preovulatory follicle size, and increased in the total number of follicles.
These affects were thought to be the direct result of increased plasma LH
concentrations.
Another hormone worth noting is prostaglandin F2 (PGF2 ), a key contributor
α

α

for reestablishing postpartum estrous cycles, as well as uterine involution following
parturition. During the cow’s estrous cycle, PGF2 is released by the uterus in order
α

to regress the CL and begin a new estrous cycle. If pregnant, PGF2 is also released in
α

order to maintain the CL and pregnancy, but excess levels in the body after
conception may lead to luteolysis and increased embryonic mortality (Funston,
2004). Diets high in linoleic acid may inhibit PGF2 synthesis by inhibiting required
α

enzymes (Staples et al., 1998). In the rumen, microbes produce arachadonic acid, a
precursor to PGF2 from linoleic acid found in the diet. Research by Grant et al.
α

(2003) reported that supplementing high-linoleate safflower seeds to postpartum
beef cows resulted in an increase in PGF-metabolite from 25-80d postpartum which
resulted in lower conception rates. Fishmeal supplementation caused a decrease in
PGF-metabolite levels in heifers with low-luteal levels of progesterone, but no
difference in heifers with high-luteal levels of progesterone (Wamsley et al., 2003).
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2.7.2 Fat supplementation in the developing heifer
Due to demands for attainment of puberty and growth in addition to
maintenance, fat supplementation in the beef heifer has been investigated
separately from the beef cow by many research groups. Although no difference in
breeding season pregnancy rates were observed, research by Lammoglia et al.
(2000) did report a tendency for a greater number of pubertal heifers at the
beginning of the breeding season when fed safflower seeds for 162d versus no
added dietary fat. Heifers fed safflower seeds had increased levels of serum
cholesterol and progesterone, and a diet x sire interaction was noted, possibly
suggesting a relationship between added dietary fat and breed (Lammoglia et al.,
2000). In a subsequent study, Funston et al. (2002) supplemented whole sunflower
seeds to beef heifers at 6-7% total dietary fat for either 30d or 60d prior to AI and
saw no response in puberty status, conception, or pregnancy rates, but did see a
lower average daily gain (ADG) when heifers were fed dietary fat for 60d. Shike
(2013), fed a control diet (no added fat) and three experimental fat diets: whole raw
soybean, flax, or hydrolyzed animal fat starting at 7mo of age to beef heifers and
observed no differences in the percentage of pubertal heifers at 10, 12, or 14
months, or first-service AI conception rates, however fat supplementation tended to
lower overall pregnancy rates when a fat supplement vs. control contrast was
performed. A summary report published by Funston (2004) suggested there are
limited benefits in well-developed replacement heifers, and inclusion of a fat
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supplement is only recommended when priced comparably to other sources of
dietary energy.
Whitney et al. (2000) fed a control diet (0% oil) and soybean oil at either 3%
or 6% of DM. They reported that heifers fed a 3% soybean oil supplement conceived
approximately 11d sooner than the other two diets, respectively. Hess et al. (2002)
analyzed 9 experiments, 21 fat comparisons, and 16 dietary supplements and
reported increased pregnancy rates for non-supplemented heifers (63.8%, n=373)
compared to fat supplemented heifers (73.6%, n=363). Hess also reported that
feeding a fat supplement to heifers resulted in 11 d earlier conception which would
increase calf weaning weights by 10.7kg worth $25.95 at $110/cwt (Hess et al.,
2007). Howlett et al. (2003) fed dietary treatments of soybean hulls (control) or
two sources of dietary fat (whole soybeans and whole cottonseed) correlated to
about 2% added fat for 112d to beef heifers prior to breeding. After estrous
synchronization there were no statistical differences in first-service conception
rates between treatments, but there was a numeric increase in first-service
conception rates in heifers fed whole soybean (57%) versus soybean hulls (37%).
It is important to note that there may be an interaction in the length of time
of fat supplementation as noted by Lammoglia et al. (2000), who hypothesized that
the optimum supplementation time was 60d prior to breeding as opposed to 162d.
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2.7.3 Fat supplementation in prepartum cows
Research results among cows fed fat supplementation during the prepartum
period and postpartum period is varied in the literature. Lammoglia et al. (1997)
reported feeding safflower seeds (4.7% fat in diet) to late-gestation heifers (230d to
calving) and saw a subsequent increase of 19% in conception rate when fat was
supplemented. When fishmeal was supplemented to first-calf heifers at 5% of the
dry matter intake 25d prior and throughout a 90d breeding season, a tendency for
increased first-service conception rates was seen compared to heifers fed corn
gluten meal (76 and 62%, respectively: Burns et al., 2002). In a 45d-natural service
breeding program, feeding whole soybeans caused an increase in first-service
pregnancy rates compared to the control diet (Graham et al., 2001). Research by
Thomas et al. (1997) noted that when beef cows were fed soybean oil as a fat source
had greater metabolic and reproductive responses than those fed tallow or fish oil.
Conversely, much of the data in the literature saw no real effect of fat
supplementation during the prepartum period on the beef cow. It is important,
however, to consider the nutritional status of the animal and the postpartum diet
since many postpartum diets contain adequate levels of fatty acids which may mask
benefits of prepartum fat supplementation (Funston, 2004). Two studies by Bellows
et al. (2001) support this idea published by Funston. In the first study, first-calf
heifers were supplemented for 65d prior to calving with safflower seeds, sunflower
seeds, or soybeans at 4.7, 5.1, and 3.8% of the dietary fat, respectively. When
compared to an isocaloric control diet, an increase in subsequent pregnancy rates
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were seen among the fat supplemented treatment groups. A follow-up study by
Bellows et al. (2001) was conducted with sunflower seeds fed at 6.5% fat in the diet
68d prior to calving, and subsequent pregnancy rates did not differ from the control
diet. The availability (71%) and quality of forage in the second study was higher
than that of the first study, which led researchers to conclude a plateaued
nutritional-reproductive response in the second study masked the effect of the
added dietary fat seen in the first study. Encinias et al. (2001) fed safflower seeds at
5% fat in the diet versus 2.5% fat in the control diet from 50-56d prior to calving
and saw a tendency for mature cows fed the high-fat diet to have greater DM intakes
and weight gain then those fed the control diet, but no difference in final body
weight or body condition score, pregnancy rate, calf birth weight, or weaning
weight.

2.7.4 Fat supplementation in postpartum cows
Feeding supplemental fat to the beef cow postpartum might have some
beneficial effects on reproductive parameters, but overall, results in the literature
are still varied. Filley et al. (2000) fed a protected fat (4.7% dietary fat from palm
oil) 30d post-calving and saw increased levels of PGF2 , but no increase in days to
α

first estrus or pregnancy rates. In a subsequent study by Bottger et al. (2002), firstcalf heifers were supplemented with high linoleate or oleate safflower seeds for 90d
postpartum at 5% fat in the diet, and no effect was seen on postpartum interval or
pregnancy rate.
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An 18% increase in cyclicity at the start of the breeding season was reported
when cows were fed whole cottonseeds at 5.5% fat in the diet 30d prior to the
breeding season (Wehrman et. Al., 1991). Mature cows fed rice bran (5.2% fat in the
diet) for 50d postpartum saw improved pregnancy rates compared with control
diets (De Fries et al., 1998). High levels of fat (21% and 17% fat) improved estrous
response in 2-year old cows when fed 51d postpartum and an increase in firstservice conception rates in mature cows fed 45d postpartum (Bader et al., 2000).
The addition of dietary fat on the beef female’s reproductive performance
remains debatable among researchers, and further research to determine levels of
fat in the diet, as well as specific fatty acid profile may be necessary to further
elucidate the effects of dietary fats on reproduction.

2.8 Distiller’s Grains Overview
When corn prices skyrocketed and the demand for ethanol increased, the
availability of co-products for use in the animal feed industry also increased. Dried
distillers grains (DDG) have become a readily available source of fat, protein, and
energy for the beef industry. Approximately two-thirds of corn is comprised of
starch, and once removed during the process for ethanol production results in a
product (DDGS) that contains roughly a three-fold increase in protein, fat and
minerals when compared to corn (Klopfenstein et al., 2008). According to the NRC
(2000), DDGS contains 30.4% CP, 10.7% ether extract, 46.0% NDF, 21.3% ADF,
4.6% ash, and 3.18 Mcal/kg of ME. During processing, syrup is centrifuged from the
product and the fat content of the distillers grains can be variable among plants, but
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typically ranges from 14 to 32.1% ether extract on a DM basis (Holt and Pritchard,
2004). Diaz-Royon et al. (2012) published a fatty acid profile of DDGS that was
composed primarily of unsaturated FA, with linoleic (C18:2) and oleic (C18:1),
respectively, at 50% and 25% of the total FA content.
Schroeder (2003) estimated that DDGS contain approximately 54% UIP, but
protein quality may vary among processing plants making it imperative to run a
proper analysis on the product before feeding. Due to its high amount of UIP, rumen
efficiency may be increased when feeding DDGS and more UIP may be presented for
absorption in the small intestine. Due to processing, DDGS provide an excellent
source of UIP for the ruminant (Klopfenstein, 2008), mainly through the use of heat
treatment to protect the protein against degradation in the rumen (Plegge et al.,
1985). If DDGS is overheated during processing, however, the Maillard reaction will
occur making the protein virtually indigestible (Van Soest, 1982).
Vander Pol (2009) conducted two experiments to investigate DDGS on
metabolic and digestibility parameters in the beef animal. In experiment 1, yearling
heifers were fed wet DGS (WDGS) at either 0, 20 or 40% DM basis; or corn oil at 0,
2.5, or 5.0% DM basis in a finishing diet with high-moisture and dry-rolled corn.
Addition of 5% corn oil resulted in depressed G:F, whereas added fat from 20 and
40% WDGS resulted in improved performance suggesting fat within WDGS is
different than corn oil. In the second experiment, ruminally and duodenally
cannulated steers were placed on either a 40% WDGS diet, 2 composite diets
composed of corn bran and corn gluten meal, or a dry-rolled corn-based diet
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supplemented with and without corn oil. Rumen pH was numerically less in cattle
fed WDGS. Molar proportions of propionate were increased in WDGS cattle, and
acetate: propionate ratios were less in WDGS steers. Total tract fat digestion was
increased, and there was a greater proportion of unsaturated fatty acids reaching
the duodenum in WDGS fed cattle, suggesting there are positive effects on the
animal when fed WDGS.

2.8.2 Distiller’s grains and reproductive performance
Much like supplemental fat, UIP’s effect on reproduction in the beef female
remains variable in the literature. Kane et al. (2002) fed three treatments to 2.5year-old heifers: (1) low UIP (108g UIP/d), (2) middle UIP (165g UIP/d) and (3)
high UIP (335g UIP/d) with sudan grass hay at 2% BW. There was an overall
decrease in cow BW, backfat and rumpfat thickness across treatments, but
differences were not significant. Blood urea nitrogen and milk components did not
differ, but high UIP heifers had greater serum LH than either low or middle UP
heifers. This data suggests high levels of UIP increased anterior pituitary secretions
of LH response to GnRH administration, therefore concluded that the effects of high
UIP may be seen at the hypothalamus or anterior pituitary level. A subsequent study
by Kane et al. (2004) fed three treatments to yearling beef heifers; (1) low UP
(115gUIP/d), (2) mid UIP (216 g UIP/d), and (3) high UIP (321g UIP/d) with ad
libitum sudan grass hay for 30d prior to slaughter. Concentrations of FSH were
higher in low and mid UIP heifers, but no difference was seen in other reproductive
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hormones. This increase in FSH suggests that UIP may alter pituitary and ovarian
function in the beef heifer.
Lalman et al. (2003) supplemented UIP at 421g/d from bloodmeal and saw
increased age at puberty compared with control heifers fed 231g UIP/d. In this
study, fewer heifers fed high UIP were found cycling during the first 21d of the
breeding season, but no differences were seen in season long pregnancy rates.
Research by Harris et al. (2008) also saw no difference in AI pregnancy rates or
season long pregnancy rates in heifers fed DDGS or soybeans prior to breeding. No
difference was seen in pregnancy rates when cows were fed corn, hay, or distillers
grains as the energy source during the prepartum period (Radunz et al., 2010).
Research by the Illinois group investigated feeding isocaloric diets of corn gluten
feed or DDGS as the energy source with ground corn stalks or alfalfa during early
lactation and saw no differences in AI or season long pregnancy rates (Shike et al.,
2009), but it is important to note that no control diet was fed. Further research by
the Illinois group saw a tendency to increase first-service AI conception rates when
fed ad libitum access to corn stalk bales supplemental with DDGS compared to an
alfalfa-grass hay control diet (Braungart et al., 2010).
A study by Martin et al. (2007), where 3 isocaloric diets containing either (1)
DDG at 267 g UIP/d, (2) corn gluten feed, and (3) control diet, and saw no difference
in body weight or age at puberty. It is important to note that heifers fed DDG were
fed three times the amount of UIP. Artificial insemination conception rates and AI
pregnancy rates were also higher for DDG supplemented heifers than control heifers
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(Martin et al., 2007). Primiparous cows supplemented with DDGS versus soybean
hulls (SBH) had a greater positive change in BW and final pregnancy rate (94 and
84%, respectively; Engle et al., 2008).
Research by the group at Purdue University has seen positive effects on
reproductive parameters when DDGS are included in the diet of the beef female.
Data by Shee et al. (2013) saw a significant increase in TAI conception rates in
lactating cows fed DDGS (81.5%) versus lactating cows fed a control diet (48.1%),
but no difference was noted in overall season pregnancy rates. Diets were
formulated to be isocaloric and consisted of rye hay supplemented with DDGS (1%
BW) or a control diet of corn silage and rye hay supplemented with SBM. Gunn et al.
(2013) fed gestating first-calf beef heifers a control diet of corn silage and haylage
and a treatment diet of corn stover and DDGS, where DDGS was the primary energy
source to provide roughly the same amount of daily energy intake. This resulted in
an increase in progeny birth weights (4.2 kg) when dams were fed DDGS, longer
gestation length, and a markedly higher dystocia rate (59 vs 24%) when heifers
were fed DDGS. These data are consistent with other sources in the literature who
have reported an increase in BW when excess dietary protein was fed in the form of
DDGS was fed during late gestation (Radunz et al. 2010 and Wilson et al., 2012).
Gunn et al. (2013) also investigated the impact on performance and
reproductive processes of female progeny from dams fed DDGS. Dams were fed a
control diet of corn silage or a corn residue diet supplemented with DDGS as a
primary energy source. Female progeny who’s dams were fed DDGS tended to be
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heavier than those fed a control diet at weaning, but no difference was seen in age at
puberty attainment. Timed AI conception rates were significantly higher for DDGS
progeny (70.6 vs 33.3%), but no difference was seen in overall breeding season
pregnancy rates.
Unpublished data by Taylor et al. (2015) at Purdue University provided
insight into the level of dietary DDGS inclusion needed during early lactation to
create a reproductive response. Treatment diets were formulated to be isocaloric,
and included a control diet (silage based total mixed ration (TMR)), TMR with
2.5kg/d DDGS (MID), or TMR with 4.7kg/d DDGS (HIGH). Resumption of cyclicity
and dominant follicle size were not different among treatments. Timed AI
conception rates for CON, MID, and HIGH were 62.5%, 56.3%, and 87.5%
respectively, but differences were not significant. The numerically higher AI
conception rate when cows were fed the HIGH treatment, however, was consistent
with previous Purdue research. Although no difference was seen in season long
pregnancy rates, positive effects on the female can be seen during lactation.
Subsequent research is being conducted at Purdue University to determine the most
ideal time to feed DDGS during lactation to produce positive effects on reproductive
parameters of the beef cow.

Table 2.1: Characteristics and energy values of various sources of fats and oils
Cottonseed
Corn Oil1 Oil1
Flaxseed1
Item
Fatty Acid, weight % total fat
<C10
C12:0
C14:0
C16:0
C16:1
C18:0
C18:1
C18:2
C18:3
C20:1
C20:4
C20:5
C22:1
C22:5
C22:6
Total Saturated
Total Unsaturated
U:S Ratio
Digestible Energy, kcal/kg
Metabolizable Energy, kcal/kg
Net Energy, kcal/kg

0
0
0.8
22.7
0.8
2.3
17
51.5
0.2
0
0.1
0
0
0
0
25.8
69.6
2.7
8,608
8,436
7,424

0
0
0
5.3
0
4.1
20.2
12.7
53.5
0
0
0
0
0
0
9.4
86.2
9.17
8,759
8,583
7,553

0
0
0.23
5.75
0.17
4.16
18.98
15.83
53.82
0
0
0
0
0
0
-

0
0
0
4.3
0
1.9
14.4
74.6
0
0
0
0
0
0
0
16.9
78.2
4.63
8,733
8,558
7,531

Soybean
Oil1

0
0
0.1
10.3
0.2
3.8
22.8
51
6.8
0.2
0
0
0
0
0
14.2
81
5.7
8,749
8,674
7,545

Sunflower Oil1

0
0
0
5.4
0.2
3.5
45.3
39.8
0.2
0
0
0
0
0
0
8.9
85.5
9.61
8,760
8,585
7,555

obtained from USDA Food Composition Database, Release 23 (http://www.nal.usda.gov/fnic/foodcomp/search/)
2Data obtained from Great O3 Quality Assurance Report, 2010.
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1Data

0
0
0
10.6
0.1
1.9
27.3
53.5
1.16
0.1
0
0
0
0
0
12.9
82.3
6.39
8,759
8,384
7,554

Fat or Oil Source
Safflower
Great O32
Oil1
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CHAPTER 3. EFFECT OF FEEDING SUPPLEMENTAL FAT TO THE BEEF HEIFER
PRIOR TO THE BREEDING SEASON

3.1 Abstract
Angus-Simmental replacement heifers (n=126; BW=400.1kg; BCS=5.45 with
a 72d range in age) were used in a complete, randomized block design study to
evaluate the effects of feeding two levels of a flax-based fat supplement on heifer
body weight, body condition, dry matter intake, average daily gain, cyclicity, and
conception rate. At 28d prior to the initiation of the breeding season, heifers were
blocked by BW, BCS, and genotype; and assigned to one of three dietary treatments;
control diet with no added fat (CON), a low fat diet with 0.23kg/d added fat (LF), or
a high fat diet with 0.45kg/d added fat (HF). Diets were formulated to be isocaloric
and meet or exceed nutrient requirements (NRC, 2000). Diets were terminated 30d
after initiation of breeding. Prior to breeding, plasma progesterone concentrations
were analyzed to determine cyclicity status. Heifers underwent visual observation
for estrus detection and were inseminated 12h after exhibition of estrus based on
the AM/PM rule for 7d. Any heifers not inseminated after d7 received an injection of
PGF2α and were tail painted. Visual detection of estrus continued for 11d post-PGF2α
injection and all heifers not inseminated were given a second injection of PGF2α and
placed with a fertile bull for the remainder of the 67d breeding season. AI
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pregnancies were confirmed at 52d after the start of the breeding season, and
season long pregnancies were confirmed 76d after the termination of the breeding
season. No differences were seen in initial BW (avg. 400.1kg; P ≥ 0.86) or BCS (avg.
5.45; P ≥ 0.81) among treatments. Final BW (avg. 456.6; P ≥ 0.87) and BCS (avg.
5.74; P ≥ 0.56) were similar among treatments and no differences were seen in BW
or BCS change. Estrous status, AI pregnancy rates (avg. 50.79%; P ≥ 0.97), and
breeding season pregnancy rates (avg. 78.57%; P ≥ 0.90) were similar among
treatments. In summary, feeding varying levels of a flax-based, dietary fat
supplement had no effect on animal or reproductive performance in the developing
beef heifer.

3.2 Introduction
Producers typically develop replacement heifers between weaning and
breeding to obtain a target weight of approximately 65% of their mature weight by
the beginning of the breeding season. To achieve this target body weight, heifers are
typically fed a high forage diet with supplemental grain or grain byproducts in a
drylot or semi-drylot to achieve gains approximating 0.45-0.8 kg/d. The
reproductive response to fat supplementation has been variable in the literature.
Lammoglia et al. (2000) saw heifers fed safflower seeds tend to reach puberty
earlier than those fed control diets, but saw no difference in overall pregnancy rate.
A subsequent study by Grant et al. (2005) reported that cows on a safflower seed
diet had fewer functional corpus luteum. Cows that were fed cracked safflower
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seeds as additional fat in the diet had decreased first-service conception rates (Hess
et al., 2005). Heifers fed safflower seeds at 0.45kg/d had increased pregnancy rates
by 19% compared to control diets (Lammoglia et al., 1997). Data by Gunn et al.
(2012), reported a positive response to fat supplementation during the prebreeding phase in first-calf heifers by adding dried distillers grains with solubles
(DDGS; ≥8% fat) to the diet. Meta-analysis of the Purdue studies demonstrated that
timed-AI pregnancy rates and overall season pregnancy rates were greater in cows
fed DDGS than a control diet. These data suggest that fatty acids are a contributing
factor in cow and heifer reproduction leading us to the hypothesis that adding
supplemental fat would increase reproductive function in beef replacement females.
The objective of this study was to evaluate the effect of feeding a flax-based, dietary
fat supplement at varying levels on reproductive and metabolic efficiency in
yearling replacement beef heifers.

3.3 Materials and Methods
3.3.1 General
In the spring of 2014, a study was conducted at the Purdue Animal Science
Research and Education Center (ASREC) in West Lafayette, IN. All animals were
handled in compliance with approved protocols through the Purdue Animal Care
and Use Committee (PACUC 1403001051).
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3.3.2 Animals and diets
Angus-Simmental heifers (n=126; BW= 400.1 ± 10.81 kg; BCS= 5.45 ± .09,
with a 72d range in age) were used in a complete, randomized block design study to
evaluate the effects of feeding two levels of a fat supplement on heifer body weight,
body condition, dry matter intake, cyclicity, and conception.
Heifers were blocked by genotype, BCS, and BW; and randomly assigned to
one of three treatments with three replications per treatment. Dietary flax-based fat
supplement treatments were; 1) no added fat (CON), 2) low fat (LF), or 3) high fat
(HF). The LF diet had added dietary fat at 0.23 kg/d, whereas the HF diet included
fat at 0.45kg/d per animal. Diets are shown in Table 3.1.
All diets were formulated to be isocaloric and either meet or exceed all other
nutrient requirements (NRC, 2000) to obtain a targeted 65% of mature BW prior to
initiation of breeding. Composition of feedstuffs used to formulate diets were
obtained by wet chemistry methods (AOAC, 1990) before trial initiation (Dairy One,
Ithaca, NY). Samples of individual feeds were taken for DM analysis weekly in order
to adjust ration delivery. Feed samples were collected throughout the study from
the TMR mixer prior to feeding and were frozen. These samples were then
composited, mixed, and subsampled for DM.
Heifers were housed in nine mounded lots with a concrete feeding apron
immediately adjacent to the concrete feed bunks, and allowed ad libitum access to
water. The treatment diets were fed from 30d prior to breeding to 30d after
initiation of breeding (total of 60d) and were delivered to heifers as an ad libitum,
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total mixed ration (TMR) at 0800. Bunk scores were assigned daily and feed
delivery was adjusted based on bunk scores as well as adjustment for weekly
ingredient DM. A single, experienced investigator was responsible for all BCS
throughout the study. At the start, two pre-prandial BW’s and BCS’s (1=emaciated,
9=obese; Wagner et al., 1988) were taken on consecutive days. At the midpoint of
the study, a single day pre-prandial BW and BCS was taken. Final BW and BCS were
taken at the termination of the study.

3.3.3 Cyclicity
Two, blood samples obtained 10d apart were taken from all heifers and
evaluated for progesterone concentration to determine cyclicity. The first set of
samples were taken at d -10 and d 0 relative to the initiation of the trial as well as at
d -10 and d 0 relative to initiation of the breeding season. All blood samples were
collected in 6ml EDTA tubes (BD Vacutainer™; Becton-Dickinson, Franklin Lakes,
NJ) and placed on ice until processed. All samples were centrifuged at 1750 x g for
25 minutes at 4°C. and Plasma was transferred to 5ml polystyrene tubes and frozen
at -20°C until analyzed.
Plasma progesterone concentrations were determined using an in vitro
diagnostic kit (Siemens 06603261 Immulite ® Progesterone Kit; Siemens Medical
Solutions Diagnostics, Los Angeles, CA) with validation performed at Purdue
University. Cyclicity was determined when progesterone concentration was
≥1ng/ml (Swanson et al., 1972).
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3.3.4 Breeding
On d 28 of the study, heifers were visually detected for estrus for at >30 min
morning and evening. Heifers exhibiting estrus were bred 12h following detected
estrus using the AM/PM rule by a trained technician. Seven d following the start of
estrus detection, all heifers not exhibiting estrus received a 25mg injection of PGF2α
(Lutalyse, Zoetis, Florham Park, NJ) and were tail painted (Tell Tail; FIL, 132 Mount
Maunganui, New Zealand) to aid in estrus detection. Estrus behavior was recorded
and heifers in estrus were bred AI using the AM/PM rule for 11d following the initial
PGF2α treatment. All heifers not exhibiting estrus were then administered a 25mg
injection of PGF2α, comingled, placed on pasture, and exposed to a fertile clean-up
bull from d 30 until the end of the breeding season (67d). Visual estrus detection
and recording continued throughout the breeding season. Diagnosis of pregnancy
was performed 52d after the start of the breeding season using transrectal
ultrasonography to determine AI pregnancy rates. Breeding season pregnancy rates
were determined via transrectal ultrasound 76d after termination of the breeding
season.
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3.3.5 Statistical analysis
Reproductive data were analyzed with individual animal as the experimental
unit, whereas performance data were analyzed with pen as the experimental unit.
Body weight, BCS, ADG, DMI, and G:F were analyzed using the MIXED procedure of
SAS (SAS Inst. Inc., Cary, NC). Binomial data differences; which include progesterone
concentrations prior to breeding season, AI pregnancy, and season-long pregnancy
were analyzed using the GLIMMIX procedure of SAS. For all data, a P-value ≤ .05 was
identified as significant, whereas .05 ≥ P-value ≤ 0.10 was considered a trend

3.4 Results
3.4.1 Heifer performance
Initial heifer BW (400.1 ± 10.18 kg; P ≥ .86) and BCS (5.45 ± .09; P ≥ .81) did
not differ between treatments (Table 3.2). There were no differences in final BW
(456.6 ± 9.45 kg; P ≥ .87), BCS (5.74 ± .10; P ≥ .56), change in BW (56.47± 2.31 kg; P
≥ .84), or BCS (0.29 ± .12 kg; P ≥ .94) between treatments. Dry matter intake
averaged 10.36 kg/d and did not differ among treatments (P ≥ .71). Likewise, ADG
(0.93, 0.91, and 0.94kg/d; P ≥ .77) and feed efficiency (G:F) (0.09 kg/kg; P ≥ .70) was
similar between treatments.
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3.4.2 Reproductive performance
Reproductive data from heifers in this study are shown in Table 3.3. The
number of heifers who had obtained puberty, based on a blood sample ≥1ng/ml of
progesterone prior to the breeding season, did not differ among treatments
(95.24%, 85.71%, and 90.48% ± .055, respectively, for CON, LF, and HF; P ≥ .36).
The number of heifers confirmed pregnant to AI was not different among
treatments (50, 50, and 52.38%, respectively, for CON, LF, and HF; P ≥ .97).
Similarly, overall breeding season pregnancy rates were comparable regardless of
treatment (76.19, 78.57, and 80.95%, respectively, for CON, LF, and HF; P ≥ .90).

3.5 Discussion
The primary objective of this study was to determine if feeding a flax-based
fat supplement at varying levels would have a positive impact on reproductive
efficiency and growth in the developing beef heifer when compared to heifers fed a
control diet without added fat. Growth parameters, cyclicity, AI and overall breeding
season pregnancy rates were studied. We hypothesized that heifers fed
supplemental fat would reach puberty sooner, and have increased AI and overall
breeding season pregnancy rates. Previous studies with a flax-based dietary fat
supplement in dairy heifers pre-breeding resulted in a positive increase in AI
pregnancy rates (Great O3). This dairy study, however, was not designed with all
treatments being equally represented among farms or animal type, therefore, this
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initial study may not be as robust and powerful as the study presented in this thesis
(Great O3).
Diets were formulated to be isocaloric and isonitrogenous to maintain
consistent BW and BCS change throughout the study. Development of heifers has
varied in the literature, but a target weight of 55% (Funston et al., 2004) to 65%
(Patterson et al., 1992) of mature weight at breeding appears to be the optimal
range needed for reproductive competency in beef replacement females. Heifer
performance did not differ when fat was supplemented in this study, and all female
obtained the targeted mature weight of about 644kg. Heifers averaged an estimated
66%, 66.3%, and 66.3% of mature body weight at time of breeding, respectively, for
CON, LF, and HF diets. It is important to note that the levels of fat added in the
treatment diets did not exceed the recommended maximum amount, as stated in the
NRC (20xx), of 3-4% on a DM basis. The LF treatment supplied 1.3% dietary fat,
whereas the HF treatment provided 2.56% dietary fat on a DM basis. Research by
Funston (2004), who fed sunflower seeds that added 6 to 7% dietary fat, similarly
saw no reproductive responses. However, Howlett et al. (2003), who added 2%
dietary fat, saw a numeric increase in first-service conception rates. It can be
hypothesized that levels of fat provided in this study may have been either too low,
or it may not have been fed long enough pre-breeding to see a positive reproductive
response.
Heifers in this study were fed fat for 30d prior to the breeding season and for
an additional 30d during visual estrous detection and first-service artificial
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insemination based on estrous detection. Multiple studies in the literature (Funston
(2004), Lammoglia et al., 2000, Shike, 2013) fed supplemental fat to replacement
beef heifers for an increased duration of time (ranging from 60-162d prebreeding)
and saw an increase in number of heifers reaching puberty at the beginning of the
breeding season. Lammoglia et al. (2000) hypothesized that feeding 60d prior to
breeding as the optimum supplementation time compared to 162d. It is possible
that a longer duration of dietary fat inclusion in this experiment may have resulted
in an increase in the number of heifers cycling at the start of the breeding season. It
is important to note that no estrous synchronization protocol was used on these
heifers. If a progesterone priming protocol had been used, one might expect to see
an increase in the number of heifers cycling at the initiation of the breeding season.
Increasing the amount of fat fed to the animal is hypothesized to increase the
level of circulating cholesterol in the blood. An increase in cholesterol could directly
affects steroid hormone synthesis, and thereby increase levels of circulating
progesterone in the animal. One could further hypothesize that beef females fed fat
may be more capable of storing fat soluble hormones, such as progesterone, due to
an increase in visceral fat versus subcutaneous fat deposition (Gunn, 2013). An
increase in fat in the diet may also have a direct effect on the size of the corpus
luteum (CL), which produces progesterone. Research by the Irish group from
Teagasc showed a relationship between levels of circulating progesterone and
conception, with cows exhibiting higher conception rates and lower rates of embryo
mortality when higher levels of progesterone are seen during the ovulatory
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follicular wave prior to artificial insemination (Cunha et al., 2008). Further research
is needed to quantify levels of progesterone prior to breeding, when dietary fat is
supplemented, to determine if basal levels of progesterone are higher in fat
supplemented females compared to control.
The fatty acid composition of flax is unique due to it’s high concentration of
C18:3 (53.5% linolenic acid). Other fats fed to ruminants (Table 2.1) are high in
C18:2 (linoleic acid). Therefore, it is possible that that fatty acid composition may be
the determining factor causing the variable reproductive response seen in the
literature when fats are fed. DDGS, cottonseed, safflower, and soybean oil contain
over 50% of their fatty acid composition as linoleic acid, and the research that
shows a more consistently positive effect on reproduction seems to occur when high
levels of linoleic acid are fed. Further research has demonstrated that linoleic acid
can effectively inhibit the production of prostaglandin and, therefore, prevent
regression of the CL on the ovary, which in turn has the potential to decrease early
embryonic mortality. To summarize, feeding a dietary fat that is high in linolenic
acid may not have the same consistently beneficial effect on reproduction as diets
that are high in linoleic acid. Further research is needed to determine the fatty acid
composition of digesta post-ruminally to provide insight as to which fatty acids are
being delivered to, and absorbed by the small intestine.
In conclusion, feeding a flax-based fat supplement for 30d prior to breeding
season initiation did not positively, or negatively, affect beef replacement heifer
performance. Further research is needed to determine the correct window of
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supplementation and conduct a titration to determine the correct level and fatty
acid composition of fat to feed. In addition, a more complete understanding of:
which fatty acids are transported to, and absorbed by the small intestine; and how
these fatty acids impact mechanisms controlling hormone synthesis in the beef
female that could result in improved reproductive competency and greater
producer profitability.
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Table 3.1: Dietary feed ingredients, nutrient composition and calculated
nutrient intake of diets fed to yearling beef heifers 30d prior and 30d postbreeding season initiation.
Treatment1
Item
Ingredient, formulated kg
DM/d
Alfalfa/grass haylage
Corn silage
Corn gluten feed
Soybean hulls
Great O3
Limestone
Mineral Supplement
Formulated Nutrient
intake2,3
CP, g/d
Nem,Mcal/d
Neg, Mcal/d
Ca, g/d
P, g/d
Mg, g/d
K, g/d
NDF, kg/d

CON

LF

HF

5.19
8.20
1.44
1.71
--0.46
0.11

5.40
8.52
1.17
1.46
0.23
0.46
0.11

5.60
8.84
0.91
1.21
0.45
0.46
0.11

1048
8.22
3.12
58
33
21
129
49.6

1045
8.22
3.11
57
32
21
128
48.8

1041
8.22
3.11
57
31
21
127
48.0

Estimated DMI, kg/d2,4
Alfalfa/grass haylage
2.90
3.02
3.13
Corn silage
2.90
3.02
3.13
Corn gluten feed
1.22
1.00
0.77
Soybean hulls
1.54
1.32
1.09
Great O3
--0.22
0.44
Limestone
0.05
0.05
0.05
Mineral Supplement
0.11
0.11
0.11
1CON = control; LF = Low Fat; HF = High Fat.
2 Expressed on DM basis.
3Calculated dietary chemical composition based on analysis of individual
ingredients.
4DM was measured for all total mixed rations, including feed refusal to
calculate DMI.
Table 3.2: Effect of yearling beef heifer diet on DMI and growth performance.
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Treatment1
Item

SEM

P-value2

CON

LF

HF

Initial
Final
Change

403.3
460.2
56.9

399.7
455.4
55.6

397.3
454.2
56.9

10.18
9.45
2.31

0.86
0.87
0.84

Initial
Final
Change

5.44
5.70
0.27

5.40
5.70
0.30

5.52
5.82
0.30

0.09
0.10
0.12

0.81
0.56
0.94

Overall

10.52

10.48

10.08

0.47

0.71

Overall

0.93

0.91

0.94

0.036

0.77

Overall

0.090

0.087

0.093

0.0067

0.70

BW, kg

BCS3

DMI, kg/d
ADG, kg/d
G:F , kg/kg
1CON

= control; LF= low fat; HF= high fat.

2P-value

≥ .05 was identified as significant.
3Body condition score on a scale of 1 to 9 (1 = emaciated, 9 = obese; Wagner et al., 1988).

Table 3.3: Effect of yearling beef heifer diet on reproductive performance.
Treatment1
Item

SEM

P-value2

CON

LF

HF

Puberty Start3, %

95.24 (40/42)

85.71 (36/42)

90.48 (38/42)

0.055

0.36

AI pregnancy4, %

50.0 (21/42)

50.0 (21/42)

52.38 (22/42)

0.078

0.97

Season
pregnancy5, %

76.19 (32/42)

78.57 (33/42)

80.95 (34/42)

0.067

0.9

1CON

= control; LF= low added fat; HF= high added fat

2P-value

≤ .05 was identified as
significant.
3Percent

of heifers reaching puberty prior to breeding.

4Percent

of heifers confirmed pregnant to artificial insemination.

5Percent

of heifers confirmed pregnant at end of season pregnancy diagnosis.
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CHAPTER 4. EVALUATION OF METABOLIC AND REPRODUCTIVE EFFECTS OF
FEEDING DISTILLER’S GRAINS PRIOR TO BREEDING

4.1 Abstract
Angus-Simmental fall calving cows (n=90; BW= 483.4kg ± 64.12; BCS= 4.53 ±
0.2) with a range in age from 2 to 5 years old) were used in a complete randomized
block design study to evaluate the metabolic and reproductive effects of feeding
distiller’s grains with solubles (DDGS) prior to breeding season initiation. Cows
were blocked by age, genotype, BW, and BCS before allotment to one of three
dietary treatments 60d prior to breeding season initiation; control diet with no
added DDGS (CON), DDGS added 30 days prior to breeding (30D), and DDGS added
60 days prior to breeding (60D). Diets were formulated to be isocaloric and meet, or
exceed nutrient requirements (NRC, 2000). Prior to breeding season initiation,
plasma progesterone concentrations were analyzed to determine cyclicity status. All
cows were enrolled in the 5d Co-Synch + CIDR protocol to synchronize ovulation
and dominant follicular diameter was measured at the time of breeding by
ultrasonography. At 47d post timed AI (TAI), cattle were ultrasounded trans-rectally
to determine TAI conception, and final season-long pregnancy rate was determined
at 97d post TAI. No differences were seen in initial BW (P ≥ .99) or BCS (P ≥ .99)
among treatment groups. Final BW (P ≥ .98) and BCS (P ≥ .89) were not different.
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Change in BW and BCS during the study were not significant (P ≥ .73 and P ≥ .79,
respectively). The number cows expressing experiencing estrus prior to initiation of
the breeding season and the size of the dominant follicle at time of AI were similar
among treatments (P ≥ .63 and P ≥ .93, respectively.) No differences were observed
in TAI conception rates (56.7, 50, 56.7%, respectively, for CON, 30D, and 60D; P ≥
.84) or season-long pregnancy rates (83.3% CON, 73.33% 30D DDGS, and 93.33%
60D DDGS; P ≥ .15).

4.2 Introduction
Previous studies at Purdue University have investigated the effects of feeding
dried distiller’s grains with solubles (DDGS) on metabolism and reproduction.
Results reported by Gunn et al. (2013) demonstrated that overfeeding of protein in
late gestation increased birth weights by 4.4kg and dystocia by 33.2% points. In
turn, their meta-analysis (Gunn et al., 20xx) demonstrated that when DDGS were fed
as the primary energy source (>7kg/d) in the diet during early lactation, timed
artificial insemination (TAI) conception rates were increased by 14 percentage
points, and season-long pregnancy rates increased 6.6 percentage points. Weaning
weights of their offspring were on average 8.5 kg higher than control cows.
Subsequent research at Purdue University investigated varying levels of DDGS in the
diet at mid (2.5 kg DDGS/d) and high (4.8kg DDGS/d) levels compared to a control
(0kg DDGS/d) diet during lactation. Cows fed the high level of DDGS tended to have
improved TAI pregnancy rates (87.5%) versus cows fed mid (62.5%) levels of DDGS
and control (56.3%). These preliminary data suggest DDGS fed during lactation
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results in a positive reproduction response, and raises the question of what is the
critical time period prior to breeding that DDGS needs to be fed to create a positive
reproductive response.

4.3 Materials and Methods
4.3.1 General
In the late fall/winter of 2014, a study was conducted at the Southern
Indiana Purdue Agriculture Center (SIPAC) in Dubois, IN. All animals were handled
in compliance with approved protocols through the Purdue Animal Care and Use
Committee (PACUC 131300100).

4.3.2 Animals and diets
Ninety Angus-Simmental fall calving cows (n=90; BW= 483.4kg ± 64.12;
BCS= 4.53 ± 0.2 with a range in age from 2 to 5 years old) were used in a complete,
randomized block design study to evaluate the metabolic and reproductive effects of
feeding ethanol byproducts in postpartum beef cows.
Cows were blocked by genotype, age, BCS, and BW and randomly assigned to
one of three treatments, with three replications per treatment. The dietary
treatments were; 1) no added distiller’s (CON), 2) distiller’s grains added 30 days
prior to breeding(30D), and 3) distiller’s grain added 60 days prior to breeding
(60D).
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All diets were formulated to either meet or exceed all nutrient requirements
(NRC, 2000) and obtain a targeted BCS of 5 (1=emaciated, 9=obese; Wagner et al.,
1988)prior to breeding. Composition of the feedstuffs used to formulate diets were
obtained by wet chemistry methods (AOAC, 1990) before trial initiation (Dairy One,
Ithaca, NY). Feed samples were collected throughout the study from the TMR mixer
prior to feeding and were frozen for later analysis
Cattle were housed in nine pastures and supplements were delivered in a
feed bunk and cows had ad libitum access to fresh water. Supplements were fed
60d prior to breeding in all treatments. Cattle on the CON treatment were
supplemented with soybean hulls, limestone, vitamin and mineral premix and were
allowed ad libitum access to pasture and a dry grass hay. The 60D treatment was
supplemented with DDGS, limestone, and a vitamin and mineral premix as well as
ad libitum access to pasture and a dry grass hay. Cattle on the 30D treatment were
supplemented with the CON supplement for the first 30d and then switched to the
60D supplement for the last 30d. The 30D treatment cows were also allowed ad
libitum access to a dry grass hay and pasture throughout the study. All cows were
transitioned (step-up) to supplementation over the first 10d of the study.
Supplementation was delivered once daily at 0800 in the bunks, and bunk scores
were assigned daily.
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A single, experienced investigator was responsible for all BCS throughout the
study. At the start, two pre-prandial BW’s and BCS’s (1=emaciated, 9=obese;
Wagner et al., 1988) were taken on consecutive days. At the midpoint of the study, a
single day pre-prandial BW and BCS was taken. Final BW and BCS were taken at the
termination of the study at TAI.

4.3.3 Cyclicity
Two blood samples were taken 10d apart from all cows for determination of
plasma progesterone concentration as an indicator of cyclicity. The first set of
samples were taken at d -10 and d 0 relative to the initiation of the trial, as well as at
d -10 and d 0 relative to initiation of the estrous synchronization protocol. All blood
samples were collected in 6ml EDTA tubes (BD Vacutainer™; Becton-Dickinson,
Franklin Lakes, NJ) and placed on ice until centrifuged at 1750 x g for 25 minutes at
4°C. Plasma was transferred to 5ml polystyrene tubes and frozen at -20°C until
analyzed.
Plasma progesterone concentrations were determined using an in vitro
diagnostic kit; Siemens 06603261 Immulite ® Progesterone Kit (Siemens Medical
Solutions Diagnostics, Los Angeles, CA) with validation performed at Purdue
University. Cyclicity was determined when progesterone concentration was
≥1ng/ml. of progesterone (Swanson et al., 1972).
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4.3.4 Breeding
On d 50 of the study, all cows were enrolled in the 5-day Co-Synch + CIDR
protocol to synchronize ovulation for breeding. On d 1 of the protocol, all cows
received 100µg of GnRH (Cystorelin, Merial Animal Health, Duluth, GA) and an
intravaginal progesterone source inserted (CIDR; Zoetis, Florham Park, NJ). On d 6
of the protocol, the CIDR was removed and two simultaneous intramuscular
injections of PGF2 (Lutalyse, Zoetis, Florham Park, NJ) were administered. Cows
α

were also administered an injection of Bovi-Shield Gold® 5 (Zoetis, Florham Park,
NJ) at CIDR removal. All cows received 100µg of GnRH (Cystorelin, Merial Animal
Health, Duluth, GA), both ovaries were trans-rectally ultrasounded to determine
dominant follicle size by a veterinarian, and were artificially inseminated by a
trained technician 72h following CIDR removal.
Cattle were then comingled by treatment and remained on pasture for the
duration of the breeding season with a fertile bull. All cows were ultrasounded
trans-rectally at 47d post-TAI, cattle to determine TAI pregnancy rate and at 97d
post-TAI for season-long pregnancy rate by a veterinarian.

4.3.5 Statistical analysis
Reproductive data were analyzed with individual animal as the experimental
unit, whereas performance data were analyzed with pasture as the experimental
unit. Body weight, BCS, and follicle size were analyzed using the MIXED procedure of
SAS (SAS Inst. Inc., Cary, NC). Binomial data differences including TAI pregnancy,
season-long pregnancy, and size of dominant follicle on the ovary were analyzed
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using the GLIMMIX procedure of SAS. Progesterone concentrations were analyzed in
SAS using the LOGISTIC procedure with Firth’s approximation in the model
statement. Firth’s approximation was used due to probabilities near 1 and this
statement uses a penalized likelihood approach to shrink the estimate towards 0.5.
For all data, a P-value ≤ .05 was identified as significant, whereas .05 ≥ P-value ≤
0.10 was considered a trend.

4.4 Results
4.4.1 Cow performance
No difference was seen in initial BW (483.4 ± 64.12 kg; P ≥ .99) or BCS (4.43
± .20; P ≥ .99) of cows regardless of treatment. Final BW (512.29 ± 54.69 kg; P ≥ .98)
and BCS (4.95 ± .22; P ≥ .89), as well as BW (P ≥ .73) and BCS (P ≥ .79) change were
similar between treatments. were.
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4.4.2 Reproductive performance
The number of cows experiencing estrus prior to the breeding season did not
differ among dietary treatments (avg. 70% ± .088; P ≥ .63). Dominant follicle size at
time of AI (avg. 14.11mm ± .46; P ≥ .93). Artificial insemination conception rates
(56.7, 50.0, 56.7%, respectively, for CON, 30D, and 60D; P ≥ .84) and season-long
pregnancy rates (83.3% CON, 73.3% for 30D DDGS, and 93.3% 60D DDGS: P ≥ .15)
were similar between treatments.

4.5 Discussion
The primary objective of this study was to determine the most opportune
time to feed DDGS prior to breeding to enhance reproductive performance in the
mature beef cow. Animal performance, cyclicity, TAI conception rate and overall
breeding season pregnancy rates were investigated. We hypothesized that when fed
high levels (4.48kg/d) of DDGS, cows supplemented for either 30d or 60d would
have an increase in reproductive performance. Unpublished research by Taylor et al.
(2013) saw a numeric increase in TAI conception rates when DDGS was fed at
4.7kg/d from calving to 19d post-TAI, therefore, this research was initiated to
determine if a decrease in time of DDGS feeding prior to breeding would provide a
positive effect on reproduction. In contrast to Taylor et al. (2013), no effect was seen
in number of cows returning to estrous postpartum, TAI pregnancy rates, or
breeding season conception rates in this study.
Cows in this study were vaccinated using a modified live vaccination (MLV)
containing bovine viral diarrhea virus (BVDV) and bovine herpes virus-1 (infectious
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bovine rhinotracheitis virus; IBR) at the time of CIDR removal. It is recommended to
administer modified-live vaccines at least 30d prior to breeding, and in a small
clinical trial, pregnancy rates were reduced by 30% when a vaccine containing
modified-live IBR virus was administered at the initiation of a 35d breeding season
(Chiang et al., 1990). Since cows were vaccinated near TAI breeding in this study, we
hypothesized that the lower TAI pregnancy rates observed in this study might have
been compromised by the MLV vaccination. Even with low TAI pregnancy rates, the
60d DDGS supplementation treatment saw a non-significant, but numeric increase
in breeding season pregnancy rates compared to control. This numeric increase in
season-long pregnancy rates are similar to previous Purdue research and suggest
that the 60d DDGS fed cows had improved reproductive capacity (93.3%) compared
to cows fed either the 30d DDGS (73.3%) or control diets (83.3%) Although not
significant, a 20 percentage point (27.8%) numeric increase in breeding season
pregnancy rate was seen between the 60d DDGS vs. 30d DDGS treatments and a 10
percentage point (12%) increase was seen between the 60 d DDGS vs. CON
treatments. If the power of the study was increased, significant differences might be
seen in season-long pregnancy rates.
Diets fed in this study were formulated to be isocaloric, but cows on the
DDGS treatment consumed 779g more protein than those fed the control diet. On
average, DDGS contains roughly 54% UIP (Schroeder, 2003), therefore vastly
increasing the amount of UIP provided (421g) to the animal. Since UIP is not broken
down by microbes in the rumen, we can assume that UIP protein and fatty acids
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linked together in the DDGS feed matrix are not broken down in the rumen and
therefore, have the potential to reach the small intestine relatively intact. Unlike
other high-oil feedstuffs, such as sunflower and safflower seeds where the protein
component is largely broken down in the rumen, DDGS protein largely bypasses
rumen degradation and significantly more of the dietary protein component is
digested and absorbed post-ruminally. If the oil fraction is associated with the
protein in the feed matrix, it is conceivable that more fatty acids would bypass
biohydrogenation and reach the small intestine for absorption. Further research is
needed to determine the amount protein and the fatty acid profile presented to the
small intestine for absorption that may be causing an enhanced reproduction
competency.
This leads to an interesting discussion on whether or not the positive
reproductive effects seen in the beef female are related to the rumen degradable
(RDP) vs. undegradable (RUP) protein intake, or the possibility of differences in
available essential fatty acids reaching the small intestine. Further research with an
RDP/RUP profile similar to DDGS might better answer this question. One could also
hypothesize that the unique makeup of DDGS may provide a higher amount of
essential fatty acids to the animal, since a portion of the fatty acids in DDGS may not
be biohydrogenated in the rumen and may pass unaltered to the small intestine for
absorption. Since the oil in DDGS is over 50% linoleic, this may cause an increase in
the amount of circulating linoleic acid in the animal and positively impact
reproduction. An increase in the amount of linoleic acid present in the animal may
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have a direct effect on the level of circulating cholesterol in the blood. In turn,
cholesterol is used as a precursor for the synthesis of multiple steroid hormones,
progesterone in particular. Therefore, we hypothesize that DDGS supplementation
may result in higher levels of circulating progesterone, which in turn could improve
early embryo survival. Further research is needed to evaluate the relationship
between progesterone concentration shortly after conception and early embryo
survival with when DDGS are fed. If DDGS does have a positive impact on early
embryo survival by supporting higher progesterone concentrations, it might be
beneficial to feed DDGS to the animal for at least 21d post-insemination.
Shee et al. (2013) reported an increase in TAI conception rates, which is
consistent with Taylor et al. (2013 unpublished data), when DDGS were
supplemented during early lactation. It can be assumed from this research that
supplementation during early lactation can be effective in getting cows rebred for
the subsequent breeding season, but feeding in the last trimester of gestation
resulted in a negative impact on progeny birth weights and number of difficult
deliveries which is supported by Gunn et al. (2013), Wilson et al. (2012) and Radunz
et al. (2010) studies that suggest increased birth weights and dystocia will result
when DDGS feeding results in excess protein consumption during late gestation.
Gunn et al. (2013) reported an increase in reproductive performance, most
notably a significant increase in TAI conception rate in heifer offspring from DDGS
fed dams. This suggests that there is a positive effect on progeny developmental
programming when DDGS is fed during late gestation and early lactation, but the
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effect of DDGS supplementation on fetal development during the first and second
trimesters of gestation remains unanswered. As the embryo matures in the cow,
developments in the internal organs of the heifer calf are significant during the
latter half of the first trimester through the second trimester. Further research is
needed to evaluate the effect of supplementing DDGS during the first and second
trimesters of gestation on female progeny reproductive competency.
Supplementation of excess protein should be avoided, however, during the third
trimester to avoid increased birth weights and incidence of dystocia.
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Table 4.1:Dietary feed ingredients, nutrient composition and calculated nutrient
intake of diets fed to beef cows prior to the breeding season.
Treatment1
Item
Ingredient, formulated kg
DM/d
Alfalfa/grass hay
DDGS
Soybean hulls
Limestone
Mineral Supplement

CON

DDGS

7.26
--5.90
0.05
0.11

8.31
4.78
--0.17
0.12

1480
15.29
1.80
73
41
26
201
66.1

2259
15.29
1.80
107
72
42
189
53.6

Formulated Nutrient
intake2,3
CP, g/d
Nem,Mcal/d
Neg, Mcal/d
Ca, g/d
P, g/d
Mg, g/d
K, g/d
NDF, kg/d
Estimated DMI, kg/d2,4
Alfalfa/grass hay
6.38
7.30
DDGS
--4.35
Soybean hulls
5.37
--Limestone
0.05
0.16
Mineral Supplement
0.11
0.11
1CON = control diet; DDGS= 30D and 60D diets prior to breeding. 30D treatment was
fed CON
diet for first 30d on trial, then switched to DDGS diet for the last 30d prior to
breeding.
2 Expressed on DM basis.
3Calculated
4DMI

dietary chemical composition based on analysis of individual ingredients.

was measured for all total mixed rations and adjusted for refusals.

Table 4.2: Effect of DDGS fed prior to breeding on animal performance.
Treatment1
Item

SEM

P-value2

CON

30D

60D

486.41
510.29
23.88

481.09
519.20
38.10

482.73
506.66
23.94

64.12
54.69
17.70

0.99
0.98
0.73

Initial
Final

4.54
4.98

4.53
4.93

4.53
4.93

0.20
0.22

0.99
0.89

Change

0.44

0.40

0.40

0.14

0.79

BW, kg
Initial
Final
Change
BCS3

1CON

= control; 30D= DDGS fed 30d prior to breeding; 60D= DDGS fed 60d prior to breeding.
≤ .05 was identified as significant.
3Body condition score on a scale of 1 to 9 (1 = emaciated, 9 = obese; Wagner et al., 1988).
2P-value

6
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Table 4.3: Effect of DDGS fed cows prior to breeding on reproductive performance.
Treatment1
Item

SEM

P-value2

CON

30D

60D

Estrous Start3, %

66.67 (20/30)

76.67 (23/30)

66.67 (20/30)

0.088

0.63

Follicle Size4, mm

14.0

14.1

14.24

0.46

0.93

AI pregnancy5, %
Season
pregnancy6, %

56.67 (17/30)

50 (15/30)

56.67 (17/30)

0.093

0.84

83.3 (25/30)

73.33 (22/30)

93.33 (28/30)

0.082

0.15

1CON

= control; 30D= DDGS fed 30d prior to breeding; 60D= DDGS fed 60d prior to breeding.

2P-value

≤ .05 was identified as significant.

3Percent

of cows experiencing estrous prior to breeding season.

4Diameter

measurements of dominant follicle size at time of breeding.

5Percent

of cows confirmed pregnant to timed artificial insemination.

6Percent

of cows confirmed pregnant at the end of breeding season.
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CHAPTER 5. GENERAL DISCUSSION

Studies presented in this thesis serve to answer a producer-oriented, applied
research question: Can supplemental dietary energy sources involving fat have a
positive effect on beef female performance? The replacement heifer is a significant
cost to the beef producer to not only feed, but also develop into a high quality cow
with future reproductive competence. Many producers search for ways to develop
their heifers with a least cost ration to maximize both animal and reproductive
performance. An important factor affecting profitability of the cow-calf operation
includes costs associated with heifer development, therefore, if reproductive
efficiency could be enhanced in the beef herd, the result would lead to increased
cow longevity, reduce the number of replacement heifers needed to keep herd
numbers constant, and optimize profitability.
When corn prices skyrocketed, many farmers were searching for cheaper
alternative feedstuffs to develop their heifers, maintain cow body condition and
optimize reproductive performance. Although the number of cows reached an alltime low since the early 1950s, as reported in early 2012, projections in early 2015
estimated a 1% increase in numbers of beef cattle in the US. With the increase in
ethanol demand in the United States, producers began to utilize co-products from
the ethanol and biofuel industries as an economical energy feed resource in their
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cow herds. Due to the increased interest in DDGS utilization, research at Purdue
University was initiated to determine the effects of DDGS on mature beef cows in
multiple stages of production. Although supplementing with DDGS was a cheaper
feed resource to farmers, research was needed to investigate not only the impacts of
DDGS on reproduction, but also determine the levels in the diet that would optimize
performance.
Research by Gunn et al. (2013) and Shee et al. (2013) at Purdue University
saw an increase in TAI conception rates when DDGS were fed during lactation to
mature beef cows. Feeding DDGS in late gestation resulted in increased birth
weights and incidence of dystocia among mature beef cows, and it was concluded
that the optimal time to feed DDGS as a primary energy resource was during
lactation. Subsequent research followed the offspring of DDGS fed dams and an
increase in TAI conception rates was reported, which suggests that DDGS feeding
had a positive effect on female progeny developmental programming of either the
fetus in utero, or the neonate by way of altered milk composition. Currently it is
unclear what is causing this increase in conception of offspring from DDGS fed dams,
and further research with supplementation during the first and second trimester is
worthy of consideration. Since reproductive tissue and organ development is
prominent in the later stages of the first trimester through the second trimester,
research during this time period would give researchers insight to DDGS’s effects on
fetal development. Using DDGS as a feed resource for the developing heifer might
be another avenue to investigate as it may bring heifers into cyclicity sooner, and
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improve TAI conception rates. Taylor et al. (unpublished data; 2013) at Purdue
University has conducted research to quantify the amount of DDGS needed in order
to see increases in development of the offspring, and noted that lower levels of
DDGS (less than 4.7kg/d) may not lead to positive effects on reproduction.
Due to the unique makeup of DDGS being inherently high in fatty acids, but
exceeding the cow’s daily requirement for total protein, and providing more rumen
undegradable protein to the small intestine, more research is needed to investigate
which feed component(s) is (are) causing the positive effects on reproduction.
Research in the literature is mixed when it comes to fat supplementation on
reproduction in the beef female, but most sources of fat fed to both mature cows and
heifers are highly digestible in the rumen. The feed matrix of DDGS is made up of
higher levels of RUP compared to other feeds, so one could hypothesize that DDGS
may act like a bypass protein and fat source to the animal. If DDGS does in fact have
little breakdown of fat in the rumen, fatty acids in DDGS may avoid
biohydrogenation and reach the small intestine and directly impact fetal
development, milk production, and reproductive hormone synthesis/degradation
when fed at higher levels in the diet. In Chapter 3, flax was supplemented to
developing heifers with little change in reproductive or metabolic parameters. An
assumption could be made that the protein and fatty acids in the highly digestible
flax product may undergo changes in the rumen making the composition of fat
leaving the rumen different than that entering the rumen. Typically, fats fed in the
diet are in the oil form, meaning they will typically enter the rumen in the free fatty
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acid state making them easily biohydrogenated by rumen microbes. This could
explain why there was no reproductive response in some studies when oil-based fat
supplements were fed.
The fatty acid composition of different feed sources (Table 2.1) may have an
effect on reproduction. Flax seed-based products, high in linolenic acid, seem to
have less of an effect on reproduction that those feeds that contain high linoleic acid.
The profile of oil in DDGS is high in linoleic acid, and any positive effects on
reproduction that have been published in the literature have used feed sources high
in linoleic acid. High levels of linoleic acid have been tied to high levels of circulating
body cholesterol. Steroid hormone synthesis is dependent upon cholesterol
precursors; therefore, we can hypothesize that cows fed high levels of fats that are
capable of reaching the small intestine (DDGS) may result in increased blood
progesterone concentrations in the cow. High levels of progesterone are correlated
with higher conception rates and decreased rates of early embryonic loss. We can
hypothesize that feeding high levels of DDGS may increase levels of progesterone
which can help the beef female maintain pregnancy after insemination. Further
studies are needed to quantify the exact levels of progesterone near estrus
synchronization, breeding, and post-breeding to determine if this is a factor causing
the higher TAI conception rates seen in DDGS supplemented cows. It is also
important to note that most studies feeding DDGS utilized an estrus synchronization
program and TAI protocol, therefore, feeding DDGS to a natural service herd would
be another avenue to investigate.
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In conclusion, research at Purdue University has seen no increase in heifer
performance when fed a flax-based fat supplement. Previous research at Purdue
University has seen an increase in reproductive parameters when mature cows are
fed high levels of DDGS during lactation. Further research is needed to elucidate
what combination of nutrient components in DDGS could be causing the positive
benefits on both cow and her heifer offspring reproductive competence.
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